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ANTENNAS

UDC 621.391.2:621,396.667.49

ESTIMATING THE INFLUENCE OF BANDWIDTH ON THE POSSIBILITY OF ADAPTIVE
SIGNAL PROCESSING IN ANTENNA ARRAYS

Moscow KADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 25, No 7, Jul 80
pp 1531-1533 manuscript received 10 Apr 79

[Paper by M.V. Ratynskiy]

[Text] 1. Adaptive processing of narrow band signals in an m-element
antenna arvay (a weighted summing configuration with adaptive control
of the wedghts) makes it possible in principle to completely supprecss
the signals from m - 1 external sources [1].

For the optimum solution which minimizes the average power at the output
of a phased antenna array (PAR), this assertion follows directly from
the fact that the correlation matrix of the input signals of the PAR,
without taking into account the internal noise of the array elements,

= remains degenerate, while the number of external signal sources q

: remains less than the number of variable weighting coefficients m. 1In
this case, the minimum of the average output power is governed by the
minimal (zero value for a degenerate matrix) eigenvalue of the correla-
tion matrix of the input signal, while any linear combination of eigen-
vectors of the correlation matrix which correspond to its zero eigen-
value can serve as the optimal weighting vector.

The indicated assertion, however, is strictly justified only for signals
with spectra in the form of §~functions. It can be shown, and this will
be done below, that with a finite spectral width, the correlation matrix
of the input signal proves to be fundamentally nondegenerate (although
sometimes extremely poorly conditioned), even when q < m, starting at

q =1, For this reason, the depth of signal suppression where the signals
have a finite spectral width always proves to be limited.

The problem of quantitatively estimating the possible depth of signal
suppression of signals with a finite bandwidth in adaptive PAR's of

1
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the type considered here is treated in this paper. The major steps

in the solution is accounting for the waveform and bandwidth of the

signals being processed when constructing the correlation matrix.

When such a matrix has been constructed, the minimum of the average

power at the output of the PAR, Pp, is quantitatively determined by

its minimal eigenvalue, which can be found by well known numerical
_ methods. The maximum possible suppressions depth is then defined as
- the ratio of P tc the original power:

1) P=W:BW",

where W 1is the original weighting vector with a unit euclidian
valuation; T is the transposition sign; * is the complex conjugate
sign; B 1is the correlation matrix of the PAR input signals,

2. We shall start with the correlation matrix:

@ B(x)= -;—xo)x- w0,

where X(t) 1s an m-dimensional vector of the input signals (complex
envelopes: KO) of the PAR; H is the Hermitian conjugacy sign (trans-
position and complex conjugacy); the bar is the sign for averaging over
the set. The elements of the matrix B(r) are the autocorrelation func-
tions of the complex envelopes (the AKFKO - the elements of the main
diagonal) and' the cross~correlation functions of the complex envelopes
(VKFKO - the remaining elements) of the input signals of the elements of
the array. By subjecting equation (2) to & Fourier transform, we

obtain the spectral matrix: .

S
(3) A(«o)'“z"_j_n(m—’-'dr.

the elements of which are the energy spectra of the complex envelopes
(ESKO's are the elements of the main diagonal) and the mutual power
spectra of the complex envelopes (VESKO are the remaining elements) of
the input signals of the elements of the PAR.

To simplify the analysis, we shall assume that the vector X does
= not include the in:ernal noise of the array components, while the
external signal is due to one source (q = 1). The second limitation
- below will be moved, while the first, obviously, leads to a reduction
in all of the eigenvalues of the matrix B(0) by the amount of the

2
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dispersion of the internal noise of one array element (with a euclidian
valuation of the weighting vector equal to unity). Then, if the input
signals are narrow band ones with a center frequency of the spectrum of
wg, 1t 18 not difficult to prove that the mutual energy spectra of the
complex envelopes of the input signals of the PAR elements with numbers
1 and k are related to the energy spectra of the complex envelopes
of the input signal of any of them by the relationship:

(4)

Sn(o) -S“(@) gl(“l+l)M1.'

where Atk = Atk - Atj 1s the difference in the delays of the input
signals of the i-th and k-th elements of the PAR relative to the input
signal of the first element. 1In fact, the mutual correlation and
autocorrelation functions of the complex envelopes of the input signals
of the corresponding elements are related by the expression:

Bo(v) =By (v+Atg) et

from which (4) follows after integrating with respect to (3). The

E element bjk of the desired correlation matrix B = B(0), included in the
hermitian of the form of type (1), can now be obtained by means of
a back Fourier transform of the corresponding element of spectral matrix
(3), taking (4) into account:

. (5) bop = .L'(Sn(m)dm.
n -

We shall now consider three cases separately, where the rform of the
spectrum of the input signals has the form of a §-function, a rectangle
and a gaussian curve. In the first case:

and Su(w) = a8 ()
ot

(6) Dipy wm —— ¢fSeAl .
T

In the second case: oA
Sie(0) = { Oo 0| < Awy/2,

0, l“)l) Awgf2

3in(AwgAtia/2)
bipy w8 e

@) T dwattalz
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In the third case:
S“(m) - (Uz/A(l)r)a‘"“"/A“‘r’
'b“r_c-an,%h.’/tub“r

(8)
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Figure 1. Figure 2,

It follows from the results obtained that for a finite spectral width,
- the linear function of the rows (or columns) of the correlation matrix
is violated, i.e., the latter becomes nondegenerate [2], something which
also indicates the fundamental impossibility of complete suppression of
signals with a finite spactrum width. Calculations show that quanti-
tatdve estimates for signals with rectangular and gaussian spectral
forms prove to be rather close. For this reason, one can speak in
practical terms about estimates for signals with a bandwidth of Aw =
= Awp = Awp, without specifying the form of the spectrum, but assuming
- that 1t is rather simple (a single peaked curve).

Returning to the case of several independent external signal sources,
it 18 not difficult to convince oneself that the resulting correlation
matrix is equal to the sum of the component matrices (depending on the
number of sources), each of which is constructed for its own source
taking into account the width of its spectrum, i.e., In accordance with

(6)-(8).

3. We shall give examples of estimates obtained by the method considered
here.

The curves for the maximum poséible suppression depth AP as a function
of the direction a to the signal source, read out from a normal to

4
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the aperture, for a linear equally spaced array with a uniform amplitude
distribution for a mounting step of the radiators equal to the wavelength,
are shown in Figure 1 for the case where the number of array elements

is m = 4 (the solid curves) and m = 6 (the dashed lines), for three
values of the bandwidth Aw/wg = 0.1, 0.2 and 0.3, The functions shown
here confirm that the possibilities for suppression prove to be more
limited in step with an increase in the bandwidth Aw. At the same

time, the possibilities for suppression somewhat increase when the

numbexr of array elements increases,

Figure 2 illustrates the possiLility for the suppression of signals

from several sources, positioned at anguiar distances As from each
other. For the first source, a = 20°, and the array is a linear equally
spaced one; the solid lines correspond to m = 4 and the dashed lines
tom= 6., It can be seen from the graphs that the suppression possi-
bilities fall off markedly with an increase in the number of sources,
Ny, and depend substantially on their mutual angular positioning.

BIBLIOGRAPHY
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CERTAIN ASPECTS OF PHOTOGRAPHY,
- MOTION PLCTURES AND TELEVISION

UpC 53.087.9
TELEVISION OPTICAL VELOCITY DETECTOR

Leningrad IVUZ, PRIBOROSTROYENIYE in Russian Vol 23, No 7, 1980 pp 76-78
manuscript received 9 Jul 79

[Article by N.F. Gusarov and S.A. Sukhoparov, Leningrad Institute of Pre-
- cision Mechanics and Optics]

[Text] The results are given of an experimental investigation of a tele-
vision optical detector, developed by the authors, of the rates of motion
of a random field of brightness.

Monitoring the rates of motion of a random field of brightness (e.g., of
hot rolled metal) remains a topical problem up to the present time [1, 2].
One of the variants of the "light-signal" converter used in systems for
this kind of monitoring can be an instantaneous-action television tube--
a dissector tube, the advantages of which are the relative simplicity of
its circuitry, high reliability, and independence of its noise character-
istics ofi the ressddution standdrd employed [3].

The authors have developed and tested a detector of the rate of motion of
a random brightness field based on a series-produced LI-605-1 dissector
tube. The signal in the dissector tube's load represents the result of
conversion of the space spectrum of the distribution of illumination in-
tensity in the photocathode into the time region according to the scanning
law. Since the space spectrum of the monitored field, and, consequently,
its time transformation are not known beforehand, then the differemtial
method 1s used for the purpose of isolating information on the rate of
motion of the field, Here scanning which is symmetric for the period is
used (e.g., triangular) [4], and processing of the signal takes place in
relation to the two channels being compared, corresponding to the forward
and reverse scanning operatiens.,

A structural diagram of the detector deweloped is presented in fig 1.
The input optics (0) convert the angular distribution of energy brightness
of the f£ield being monitored into the structure and intensity of the image

on the photocathode of the dissector tube (D), The signal from the dis-
sector tube's load is fed to a shaper amplifier (UF), wheve it is converted

6
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into a tradn of pulses whose time position corresponds to the position of
black and white differentials in the image in relation to the scanning
reference point. A comnutator- (K) divides the pulse train into two chan-
nels corresponding to the forward and reverse scanning operations, From
the sweep and synchronizing generator (GRS) the sweep voltage is supplied

- to the deflection coils of the focusing and defiection system and synchroa-
ization of the entire cystem is carried out. The difference in the number
of pulses counted during the forward and reverse scanning operations, An ,
is computed in the reversible counter (RS) and serves as a measure of the
rate of mevement of the monitored field, and the sign of this difference
corresponds to the direction of motion,

Pigure 1. S8tructural Diagram of Detector

Although the detector is designed for monitoring the rate of motion of
- random fields of brightness, it is feasible to estimate its conversicn
transconductance by means of the simplest-~the regular--model of a field
of brightness. Let there be projected onto the photocathode (FK) an image
of a line-type optical focusing pattern, whose transmission (in coordinates
relating to the phot:gcathode) equals E = E, sin Ox . The image moves at
a constant rate of v over the photocathode along the x axis; scanning
also takes place along the x axis. Let us assume for simplicity that the
scanning rate in the forward and reverse operations is steady and equals
+ v_  (which corresponds to triangular scanning). Then the voltage sepa-
- rat&d in the dissector tube's load during each half-cycle equals

U =t¢E;sin|Q (v, —v)t] npn ;,H'Z;
Up=Eysin|Q(v, +v)t] npu v,4}0,

(1)
where € 1s the sensitivity of the photocathode, I 1s the spatial
density of the image and t 1is curxrent time.

The repetition rate of pulses formed in the shaper amplifier equals
mwo_ 2x - 2n
™ o, —-v)’ 2—-9(01'*‘”),
(2)
7
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and the number of these pulses during a scanning half-cycle, T/2 = n/v ,
: equals;

72 R
ny = -11_; n, = Tz

(3)

Substituting (2) in (3) and taking into account the fact that the scanning
cycle can be expressed in terms of the scanning rate, v_ , and the length
of a line of resolution, d, T = 2d/v_ , and the 11nea¥,rate of motion of
the image can be determined by the angﬁlar velocity of the monitored field,
w , and by the focal length off the lens, f ,

v=wl,
%)

i} we get an expression for 4n :

(5)

If the field has a random structure, then § Tepresents the mean spatial
density of the image presented to the photocathode. From (5) it is possible
to draw a number of conclusions:

1. The detector described is not an absolute gauge of velocity, but only
an indicator of its relative value and sign. .

2. The sensitivity and conversion transconductance are best when working
with fine-structure objects with high values of 2 .

3. It is possible to vary the range of monitored velocities over a wide
range by selection of the scanning rate, v .

In fig 2 is given the experimental dependence Anv = $(w) , Tests were
performed for two £¥pes of surfaces;: 1--a line-type optical focusing

- pattern (R = 10 cy * and contrast K, = 0.5 ); 2--a random "mottled"
surface (R = 6 em * and K, = 0.5 ).  The diasector tube operated in the
single-line mode with a scanning rate of v = 2,5 Hz and the direction of
the scanning line agreed with the direction of the motion monitored, the
signal-to-noise ratio in the dfssector tube's output equaled ¥ = 47 and
the facal length of the lens equialed f = 480 mm . TFrom the graphs it is
obvious that in both cases the dependences arrived at are approximated
sufficiently accurately by a ldnemr law. Consequently, for the purpose of
arriving at the real velocity it 1s sufficient to multiply the measured
value by some factor conmstant for the class of fields in question.

8
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Figure 2, Results of Experimental Investigation of Detector:
l-~for regular structure; 2~-for random structure
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COMPONENTS AND CIRCUIT ELEMENTS, WAVEGUIDES,
- CAVITY RESONATORS AND FILTERS

) UDC 62-501,12-501.7

4 METHOD OF SYNTHESIZING ADAPTIVE SUBOPTIMAL FILTERS

Leningrad IVUZ, PRIBOROSTROYENIYE in Russian Vol 23,Neo 7, 1980 pp 17-21
manuscript received 18 Jun 79

[Article by G.F. Filaretov and V.S. Kumenko, Moscow Power Engineering In-
stitute]

[Text] A method is suggested for synthesizing adaptive suboptimal filters
for an estimate of the state vector of a dynamic system based on a linear

- Kalman filter. In the method are utilized the principles of designing
self-tuned systems with a model. An example is given of the synthesis of
a second-order filter along with the results of simulation.

- In recent times special attention has been attracted by multidimensional
Kalman filters [1-3] for an estimate of the state of a dynamic system.
They have a recurrence form convenient for implementation-on a digital
- computer and theoretically make possible the determination of estimates
) with minimel variance between all linear unblased estimates. However, in
processing measurements with special-purpoge digital computers in real time
the employment of optimal Kalman filters encounters a number of difficult-
ie‘-

[ 7]

First, these include register errors which result in deviation of the
machine solution from the mathematical and even in the divergence of filters
[5]. Second, multidimensional filtering requires considerable expenditures
of machine time [4, B8]; as investigations have demonstrated, the time for
processing measurements is proportional to the cube of the dimensionality
of the state vector of the dynamic system. Third, an analysis of the sens-
- 1tivity of Kalman filters [1, 6, 7] has demonstrated that disparity be-
tween the suggested equatien of motion according to which the filter is
designed and the actual change in the system's state vector results in
rapid divergence of the filter.

On the basis of the above, the aspiration of investigators to find some
compromise solutfon in selecting a filter for measurement processing is
understandable. Many investigators [1, 4, 5, 8-10] have attempted, on

- account of the slight losses in optimality in specific problems, to employ

10
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the Kalman filtering procedure for designing simpler stable suboptimal
filters. ‘

In this paper is considered the class of problems in which the real motion
of the dynamic system does not agree with the equations of motfon according
- to which the Kalman filter is designed. Such a problem arises if all
"forces" respensible for evolution of the dynamic system are unkmowm, or
in complicated problems when for the purpose of the simplificaeion of com-
- putations onre is restricted to an approximate description of the system. <

Por this class of problems it is suggested that adaptive suboptimal filters B
be used, the design principles of which are given in [11, 12].

- Let the motion of the dynamic system be described by the equation

x(i4+1) =As-x()) +Tew (i),
E{w(i)) =0, E{w()-w"(j)}=Q,

- (1)
and let there be a measurement vector
- y(iy=Hux{i)+£(i), -
E{£(i)) =0, E{&())-£7(j)))=Riby, E{w(i)-£7(j)}=0,
(2)

where E{+} 1is the mathematical expectation operation; I-li , A, and
I, are the matrices of transformations; and Q  and R, “are %he matrices
o* covariants of random vector quantities w(i)” and &;(i) , respectively.

In this case a Kalman filter gives an unbiased estimate of the state vector,
x(1) , with minimal variance. This estimate is determined by the equations

£(i41) = Ak () + Kia [y (1) —HinAx ()], 3 -
=P HTR -
K, = P,HIRi »
Py== [M7'+ HIRT'H) )
Mipr=APATHTQIT,
(6)

where K1 is the matrix of weighting factors,

11
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Pi==E{[x(i)—x (i) [{x(§)—%(i) 17},
M=E ([x (i) —Aux(i—1)] [x(i) = Arx (i—1)]7),
N
_ P, is the matrix of covariants of the error in the estimate and M, 1s
tl1ie matrix of covariants of the extrapolation error. The initial estimate,
x(0) , and matrix, PO , are assumed to be assigned.

The method of synthesizing an adaptive filter consists in finding the sys-
tematic error between the real motion and the hypothesis for designing the
Kalman filter and in including the value of this error in equations (5) to
(7) for the purpose of calculating the matrix of weighting factors, K

In other words, it 1s necessary to select the state vector of the new dyna-
mic system and from measurements

e(i) =y (i) —HiAis- £ (i—1)
(8)

to construct a secondsry filter for estimating the systematic error.

It is suggested that as the state vector in designing the secondary filter
be used either the vector of the estimate error

e(i)=x(i)—x (i),
9)

or the vector of the extrapolation error

- u() = (i) —At (i—1). 10)

Let us consider the second approach to synthesizing an adaptive filter.
First it 18 necessary to arrive at an equation describing the evolution of
state veetor u(i) and to find an equation for the relationship between

the measurement vector, (1) , and the state vector. From equation (10),
utilizing (1) to (3), we have

u(i+1) =AJ—KHJu (i) +Tow (i) —AK & (i)
(11)

From equation (8) and (2) we get
i | o) =Hu() 450, a2

To equations (11) and (12) it is possible to apply the well-known {3]
- Kalman filtering procedure for the correlated noise in the equations,

12
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Let us write the estimate and extrapolation equations in the following

B form:
H u () =) +K8[e()—Hou ()],
(0)+K[e () —Heoa ()] )
u(i+1)=Afa (i) +De[e(i) —Hou(i)].
| o (14)
- Weighting matrices Ki and Di can be determined by the recurrence
equations:
Di==T'"S;(R;?)~ (15)
IMi==[ (M) ~1'(H®)T (R®)—$H 0] (16)
KO=TI(H:)T(R®) -, aa”n
M= (A? - DIH?) 1 (A? — D,H?)inl— I‘?Q?(I’U)T— D‘R“’DIT’ (18)
where
- Ap=A{]—KH:], H*=H, (19)

I'f0=—AK;, Qi®=R’==5;=R,. (20)

Tn addition, in deriving these equations it is possible to assume that
I =0 . This assumption does not restrict the class of problems which
cén be considered, since the amount of the error is included in the esti-

mate vector, Q0(1)

By means of equations (19) and (20) system of equations (15) to (18) is
brought to the form:

Dl= —_ AIK[ (21)

- U= (M) HIRH|] ™ (22)

] KY=THIR} (23)
13
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M?H = A(H[AT (24)

Now it is necessary to introduce the amount of the estimate, (1) , into
system of equations (5) to (7). Since magnitude 4(i) represents the
systematic extrapolation error and matrix M, 1s the matrix of covariants
of the extrapolation error, then equations (é) to (7) are changed in the
following manner:

P =Mz +HIRTH]" (25)

My iy APAT + a(t) [a ()" (26)

where subscript a designates an adaptive matrix.

Thus, the set of recurrence equations (3), (5) and (10) to (26) defines an
adaptive suboptimal filter making it possible to estimate the state vector
of dynamic system x(1) with the existence of a systematic error in
equation of motion (1).

Example

Let it be required to estimate coordinate x(4) and its first derivative
v(i) from measurements y(i{) . Here, the motion of the system can be
described by a difference equation both of the first order (even straight-
1ine motion) and of the second order (evenly accelerated motion). Since
it is necessary to estimate only the coordinate and the rate of its change,
we will construct an estimate algorithm from the condition of even motion.
When shifting to evenly accelerated motion the parameters of the algorithm
require readjustment; therefore, an adaptive aigorithm 1s required for the
estimate.

The motion and measurement equations take on the form

x(U+N x{l)]. - [x(lbl
phat E] b IR ) Rl

where

A—[[l) 1’] H=[l 0]

In designing an adaptive filter, instead of the equations for a secondary
filter, (13) to (19), let us employ a filter with an effective finite

14
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memory {2, 5] and let us assume that the weighting factor matrix, K° , is
constant,

First let the system move at a constant speed and then let acceleration be
evidenced at a certain moment of time, In fig 1 are given the reactions
of an adaptive filter with various amounws of acceleration. The character-
istics of the adaptive filter for this problem are determined by ratio ¥y ,
B equaling the acceleration divided by the root-mean~square measurement error.
In this figure curve 1 corresponds to y = 0,05 and 2 to vy = 0,2 , It is
obvious that in case 2 the filter becomes unstable with selected k, and
kz ; however, if the secondary filter 1s made with quicker response” (e.g.,
k= 0.7 and k, = 0.3 ), then the adaptive filter maintains its stabil-
i%y——curve 3. I% the filter is unstable with any K° matrix, then this
means that it 1s impossible to provide for filtering by means of a second-

order filter. In this case it is necessary to usa filters of a higher
order.

3

=
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- Figure 1. FEvolution of Elements of Matrix of Covariants, P , with

a Change in the Nature of Motion: 1l~~y = 0,05 , kl = 0,39
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3~y =°0,2, k, = 0,7 and k 0.3

and k, = 0,067 ; 2~y = 0,2 , ké = 0,39 aud k, = 0.067 ;
- 1 2

1. In this paper a method has been suggested for synthesizing adaptive

B suboptimal filters making it possible to estimate the state vector of a

) nonstationary dynamic system without revealing the very case of nonstation-
arity.

2. The application of these filters will make it possible to simplify al-
gorithms for estimating the state vector, which 1s especially important in
implementing algorithms on short-bit~configuration digital computers.
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UDC 621,391.2

ON AN ANALYSIS OF THE SENSITIVITY OF A TWO-DIMENSIONAL KALMAN FILTER
IN THE PROBLEM OF STATISTICAL MONITORING OF CHANNEL QUALITY

Moscow RADIOTEKHNIKA T ELEKTRONIKA in Russian Vol 25,No 7, Jul 80
pp 1537-1540 manuscript received 21 Feb 78 after revision 3 Jan 80

[Paper by V.G. Koveshnikov and A.N. Sharov]

[Text] In a whole series of applied problems in communications theory
which come up when analyzing the quality of the working channel of an
- information system, it is necessary to obtain a reliable estimate of
the power parameters of the signal and noise present at the input to
the receiver in the form of an additive mixture. An algorithm which is
optimal in the sense of a mean square criterion for the separate esti-
mation and prediction of the signal and interference levels in a working
channel, which takes the form of a two-dimensional modified Kalman filter,
was synthesized in paper [3] using the methods of the theory of state
variables [1, 2], assuming complete apriori information on the correla-
tion properties of the Markov signals and interference., It is natural
that in those cases where the actual dynamics of the processes being
studied do not correspond to the apriori data on the correlation proper-
ties and the interference, incorporated in such an analyzer-extrapolator,
an increase in the measurement error is to be anticipated when monitor-
ing channel quality.

We shall analyze the sensitivity of the analyzer-extrapolator for
channel quality, which was synthesized in (3], where this analysis makes
it possible to estimate the effeciency of these kinds of analyzers-
extrapolators under conditions of incomplete apriori information on the
corralation properties of the interference.

We shall compute the error in the measurements based on the procedure
given in [4], taking into account the assumptions made in paper [5].

In this case, we obtain the following expressions for the estimation of
the sensitivity of the analyzer-extrapolator synthesized in paper [3]:
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For the error matrix

Py ()RS (T)+33g [ —R3o(T)i Pyyq(R)Rpo(T) Ry (T) + l

+ 9000 =Ry (TYRpp (M By ‘;' .
m Pelk+0 =1 p "Gy Ry, (T) R g (T)+0pupg (1= Rpg () By (T)] Rogi ‘

Py (M RS (T) + opa 1l — Ry (T)]

where Rpe(T) = exp(-apcT); Re(T) = exp(~a,;T); T d1s the interval
between the measurements; ape 8nd oypy are the parameters of the correla-
tion functions of the actual signal and interference respectively;

For the reciprocal covariation matrix taking into account the apriori
reciprocal matrix:

(2) [Pas (T) + p1a (T) + 353 Bua (k) — [Pua (T) + p1a (1)) Bua (k)
P (1) T 2pna () + P (7) + O ’
[Pu (T) + P (T) + 0% Bas (k) — [Paa (T) + P (T)] Bu (k)
P (T) 4 2p1a (1) + P (1) + O3
[P (T) + pua (T) + 63] Bax (k) — [Pua (T) + pas (T)] s (%)
Pu(T) + 2P (1) + P (1) + 0 ;
{Pu (T) + Paa (T) + 615 Baa (%) — [Pma (7) + P1a (T)] Bims (%)
pu (T) + 2p1s (7) + pus (1) + 05*

Po(k+1)=

: where Bus (k) =Py (k) Rpo (T) AR (T) +Pass (k) Rpe* (T) +0pat {1~Rpe* (T)];
- Bua (k) =Pua (k) Rpo(T) ARa (T) +Poss (k) Rpo (T) Rpa (T) +
+0o0nRon[1=Rye(T)Rpa(T)];
Bt (k) =Py (k) Rps (T) ARe(T) +Poss (k) Rpo(T) Rpu (T) +
+0o0uRen]i=Rpo(T) Rpu(T)];
Bas(k) = Paa (k) Ryu(T) ARy (T) +Pers (k) Rpg? (T) +0pu? [ 1=~ Rpu?(T) ];
ARy (T)=|Rpo(T)=Ro(T)|;  ARx(T)==|Rpa(T)—Ru(T)}|;

For the real covariation error matrix:
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[pse(T) +pu(l)+ 0’ 1Py s (k+1/k)
pu(T) + 2pua(T) + paalT) + ou®
[pss (M) + pua(T) M pma(T) + pu(T) + 0?1 [Pp aa(k+1/k) + Py as(k+i/k)] .

Ppyi(k+1)=

pu (D) + 2pa(T) + pua(T) + O’
[puedT) + pua(T) 1P s (k+1/K) + 0]
o1 (T) + 2pua{T) + pra(l) + O’
[pas(T) + pua(T) + om?1[pu (T} + p1a(T) + 02°1Pp 1(k+1/k) _
pu(T) + 2pu(T) + pua(D) + oa*
[Pn(T) + pua(D) L pas (1) + pua(T) + 02’ )Py n(k'ﬂ/")
pus(T) + 2pia(T) + paa(T) +0m® -
+ ~[pu(T)+ p1a(T) + 0a*)lpna(T) + pua(T) 1Pp s (k+1/k) .
p11(T) + 2p0a(T) + P2 (T) + Om?
[011(7')"' pua(T) H paa () + pua{T) 1[Pp ma (K +1/K) + Om']
p1u() + 2pa(N)+ paa (D) + 0
[pae(T) + pua(T) + 0m?) [ pua(T) + pua(T) + 02 1Pp s (k+1/k)
pu(T) + 2p52 (T) + pse(T) + 0c*
_lpnD+ pis(T) 1L pas (D) + pua(T) + 0a*1Pp u(k-Hlk)
P (T) + 2p1a (M) + p2a() + On?
"[Du(") + paa(D) 1 pu (D + pra(D) + 05* 1Py s (k+1/k) .
' P (T + 2012 (1) + Paa(T) + Om® -
[Dn(T) + oD 1 pun(D) + pu(D I[Py u(k+4/k) + ox')
P11 (T) + 2013 (N + p2a(T) + On®

Ppas(k+1)w=

Py (k+i) =

[pss(T) + pu(T) + 0u® [Py (b +i/k)
. 1 (T)+ 2pu(T) + pus(T) + On?
[pae(T) + pus(T) 1L pus (T) + pun(T) + 0?1 [Pp s (R +1/k) + Pp 3y (k+1/K) ]
- peu(T) + 2p1a (1) + paa(T) + 0w’
" [paa(T) + p1a(T) 1M Py oy (k+1/k) + 0n®]
P11 (D) + 2p1a(T) + pra(7) + Om?

Pp ;g("+1)-

Ppyy(k+1/k) mPgayy (k) AR (T) +2Poys (k) Ro(T)AR:(T) +

+Pp11 (k) RP(T) +0pa[1~Rpa?(T) 15

Ppys(k+1/k) =ePyis (k)ARo(T)ARs (T) +Pota(k) Ra(T)AR(T) +

+Posy (k) Ro(T) ARy (T') +Ppss (k) Ro (T) Ru(T) +0p00puRea[1~Rpe (T) Rya(T) I
Pou(k+1/k) =Py (k)ARs (T)ARs (T) +Poss (k) Re(T)ARa (T) +
+Pota(k)Ra(T)AR(T) +Ppn(k)ﬂc(f)ﬂu.(7') +0peOpnRon[1=Rypc(T)Bpu(T)];
Ppus(k+1/k)msPysy (k) ARy (T) +2P0sz (k) Re (T) AR (T) +

+Pyu (k) Ro*(T) +0pu*[1-Rpa* (1) ].
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The results of computer calculations of expressions (3)-(6) for the
case where the correlation functions of the model and the actual
process of the variation in the level of the interference differ from
each other by the correlation interval, i.e., a,q # 0y, are shown in
Figures 1 and 2. In this case, the curves obtained for Ax(k) are
shown in Figure 1, while those for the absolute value of Ax(k) are
shown in Figure 2.

It was assumed in the calculations that:

Oc?/0g=10; k+1) =Py (k v Baa (k)
= Pyua (k1) /0st; o:‘—van'+o.'+20°on/nc... Bulk+1)=Ppyy (k+1)/0z% Eia(k+1)

As can be seen from the graph shown in Figure 1, when the model of the
synthesis of the analyzer-extrapolator for channel quality corresponds
to the slow changes in the interference levels (ay = 1/Tggp = 0.1 =

= [1/Teorr]), the measurement errors increase with a reduction in the
correlation interval of the actual process, and when the ratio is
arn/ag = 7, they differ from the presupposed error of the estimate of
both the signal and the interference by approximately a factor of five
(in this case, it was assumed that ape = a¢ = 1/1corr = 0.1). When the
synthesis model corresponds to the fast changes in the interference
level (apy < ag), the estimate errors increase more slowly.

It can be seen from the functions shown in Figure 2 that the absolute
value of the estimate error has a minimum close to the actual value of
the interference correlation interval.

An analysis of the results obtained here permit the overall conclusion
that to Increase the precision of the estimate and the prediction of
signal and interference levels in a working channel, in the absence of
apriori information on the correlation properties of the interference,
it is necessary to adjuct the parameters of the analyzer-extrapolator
to match the actual dynamics of the process of the change in the inter-
ference level.

&(ns1)

T "
-
- a$ : /"+ | Figure 1. The solid curves are for
47 /:k | £11(k+1); the dashed
! IR and dotted curves are
‘ L . ///’F_aa;a%“ for Eg9(k+l).
: —p . Oe = (2)15 Req = 0.3
' <4 | i ! N =
5 M i and o¢/of = 10.
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T Figure 2. The solid curves are for
i £11(k+1); the dashed and
4 dotted curves are for

= - £92 (k+1).

ae = 0.1; Req = 0.3 and

N \
A\
Wi

S 212 =
, os/a% = 10.
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ELECTROMAGNET IC WAVE PROPAGATION, ELECTRODYNAMICS

up¢c 537.8

ON THE RELATIONSHIP BETWEEN THE ENERGY COEFFICIENTS OF REFLECTION AND
THE TRANSMITTANCE OF AN ELECTROMAGNETIC WAVE AT THE BOUNDARY OF TWO
ABSORBING MEDIA

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 25, No 7, Jul 80
pp 1524-1526 manuscript received 2 Feb 79

{Paper by M,I. Finkel'shteya and V.L. Mendel'son]

[Text] The reflection and refraction of a plane electromagnetic wave at
the plane boundary of two media, including at the boundary of an absorbing
medium has been treated, for example, in [1]. The fundamental theoretical
principles for electromagnetic wave propagation in layered media are given
in [2]. 1Interest has recently increased in the relevant applied questions
[3). 1In a number of cases, it is desirable to use a relationship between
the energy coefficents of reflection and transmission to calculate the
wave intensities in layered media; this relationship is lacking for the
general case of two ahsorbing media in the known literature.

We shall recall the basic -relationships. The average value of the
ahsolute value of the complex Poynting vector for a nonmagnetic medium
18 written in the form:

1 - 1 , q
(@D Il = - Re (£{1%) =7 E'Re (4/W%) = 5 E*Re VT,

where E ig the complex amplitude of the electrical field intensity; E
ig the absolute value; H* and W* are the complex conjugate values of
the magnetic field conjugacy [sic] and the characteristic impedance of
the medium; é is the complex relative dielectric permittivity of the
medium.

- As 1s well known, the Fresnel coefficients at the boundary of media
1 and 2 are related by the expression:
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(2) Ti_gm=i4 Ry,

where for the case of vertical incidence at the geparation boundary:

® W YESVE WV
:4=7?:7fw “”=V€+V§'

The energy coefficlents of reflection and transmittance for normal
incidence at the separation boundary of media 1 and 2 are equal to the
following in accordance with (1)

I, . fs
(&) By = T’lj =R Tpa= M,
_RYE
Re Vg ¥

- vhere Tig. N} and 1, are the power flux densities for the incident,
reflected and refracted waves respectively.

To determine the relationship between the
Ho H, o coefficients Rp 1-2 and Tp 1-2 for non-
t absorbing media, we start on the basis of
. < the law governing the conservation of
- @ Ty NG energy from the noncontinuity of the normal
component of the overall power flux density
when passing through the boundary [1], {.e.:

@ I
8\ Hy _ _
’<_ (5) A(flo+11,) malhy
fl, ,
(7 1s a unit vector normal to the separation
boundary), from which:
(6) Rp-stTp -1t

Along with this, for absorbing media where two opposing waves are
present, the total energy flux in the general case 1s not equal to
the sum of the energy fluxes of the partial waves. What has been said
can be seen from expression (6), if it is assumed that the dielectric
permittivities of media 1 and 2 are equal to €1,2 = 81,29‘31111,2, i.e.:
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RoYéy 1=781,1008(¥s,4/2);  LmVE, yem 5y 38im (s, 3/2).

By substituting in (3), we obtain the following after simple transform-
atfons taking (4) into account:

@)) ( & +ea—27’e_w;cosﬁ-}’: ) cos (¥,/2) + 41;::, cos ($a/2)
Rty Ty =

( u(+eg+21a—£mjh—;-!l) €08 ($1/2)

i.e., the equality (6) is justified when ¢; = 0 and for an arbitrary
V2, but is not observed when {; ¥ O and ¥, = 0 (when a wave makes a
transition from a lossy medium to a lossless medium), as well as in the
general case of two lossy media {y; # 0, Yo # 0).

To obtain a universal relationship between Rp 7.2 and Tp j_p within
the framework of the energy relationships, it is necessary to proceed
from the fact that when transiting through a media boundary, the
continuity of the normal component is observed not for the overall
energy flux [5], but for the energy flux of the total field [3]. Thus,
for the case of oblique incidence, for example, in the case of hori-
zontal polarization (see the Figure), we obtain in accordance with (1):

(8> Be‘(80+Eg) [(Ho cos 91)‘+(H. cos 8,)‘)}—RB(E|(H. cos el.)v

where 'E'.o and }‘Io are the complex amplitudes of the intensities of the
S incident wave.

Since 1'11.-2 = 1'31/1'10 then:

9 B — o (VE)* BB B o (VE)® By,

Additionally, the power transmittance coefficient for the case of
- oblique incidence 1is:

- nil, Re [Ey (#x cos 6,)%] Re (VT, cos 6,)"

10 L _
(10) P12 T Re (£, (B cos 6,9] Bo (1'%, con 0, T,

By using the following representations:

Ri-amBy_se=ms; (Y&,)*~ReVa,+ ImVag,
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following the substitution of (9) in (8) and taking expréssions (10)
into account, as well as Ry 1.2 = Ri_ (see (4)), we obtain:
p 1 2
WyE
Ry +Tpa=1+ 331;:m sin Q=

1
~ R VE
) Im V%,-~?772rthQQ
A+ ImVE TVET Vo +2Re VE Re V b, +2lm Vi 1m} e,

1)

The same relationship obtains for vertical polarization. It changes to
(6) in the case where medium 1 is nonabsorbing, i.e., its dielectric
permittivity 1s a real quantity.

In conclusion, for a comparison with (6), we shall compute (11) when a
radio wave transits from sea ice into the air. For a frequency range

of 10 to 100 MHz, in accordance with [4], é changes from 12.3 - j17.2 to
8.1 - 37.7, from which Ry 1.9 + Tp 1-2 = 1.1. .

- The authors are greatful to Ya. N. Fel'd and A.D. Morgunov for their
useful discussions,
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_ . INSTRUMENTS, MEASURING DEVICES AND TESTERS,
METHODS OF MEASURING, GENERAL EXPERIMENTAL TECHNIQUES

UDC 535.854

PROCESSING OF SIGNALS OF A HETERODYNE INTERFEROMETER BY MEANS OF AN AUTO-
MATIC PHASE CONTROL SYSTEM

Leningrad IVUZ, PRIBOROSTROYENIYE in Russian Vol 23,No 7, 1980 pp 72-75
manuscript received 18 Apr 79

; [Article by A.V. Koryabin and V,I, Shmal'gauzen, Moscow State University
-, imeni M.V, Lomonosov]

[Text] The influence of external effects on the signal spectrum of a
heterodyne interferometer is discussed. A demonstration 1s given of the
effectiveness of employing automatic phase control for processing the
signal.

Heterodyne (two-frequency) interferometers are used at the present time for
acoustical measurements [1, 2]. In [1] an expression was arrived at for the
sensitivity of an instrument of this sort when taking into account the

noise of the electronic equipment. It 1s known that forms of external in-
stability (thermal, vibrational, etc.) represent one of the main sources

of errors in single-frequency interferometers [3]. Therefore, it is in-
teresting to discuss the influence of external effects on the performance

of heterodyne systems. )

Let us write the alternating-current component of the voltage in the hetero-
dyne interferometer's photodetector (fig 1) in the form [2]:

« (£) = U,cos [mot+ S xml } +n(f), U,= const,

(1)
where w_ 1s the heterodyning frequency; A is the wavelength of the light
employed? n(t) 41s the fluctuation component caused by the photodetector's
shot noise; L(t) describes the random motion of the system caused by ex-
ternal effects; and x(t) 1is determined by the studied motion of the sys-
tem and for slight harmonic vyibrations with an amplitude of a and a
cycle frequency of § equals
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x(t)==acos Qf, a€h.

In this case, utilizing the properties of Bessel functions, for u(t) we
arrive at the expxession

u(t) =xAo cos[wot+ D) —A; cos [wst4D] — A cos[o_ i+ D] +n(t),

vhere

Ag=UqJo(b) =2 Uy; AI==A—I=U°J|(b)zUo--;-; CD(!)=-%—'! L(t); wn=
=wpk;

and Jk(b) 18 a Bessel function of the k-th order of argument b = 4ra/x .

Figure 1. Structural Diagram of Heterodyne Interferometer: L--
light source; Z,--light divider; Z,--reference arm reflect—
or; O--system a%udied; M--electrooptical light modulator;
G--modulator's heterodyne; FP--photodetector; FD--FAPCh
[automatic phase control (APC)] phase detector; U--error
signal amplifier; FNCh--low-frequency filter with trans-
mission coefficient of K(p) ; PG--tunable (controlled)
FAPCh oscillator

The spectrum of external effects usually has a maximum at low frequencies
[3]; therefore, it is possible to use as a mathematical model, ®(t) , the
normal stationary process whose correlation function and spectral density
are determined by the variance,‘co , and width of the spectrum, o 3

k(z)= a?)d-ul( I S(w) = Qog ‘.‘.'._l—u(_”i. .

(4)
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Assuming n(t) to be normal white noise with an intensity of N  , we
write the spectral density, 8§ , of signal (1) in the following manner:
i N
S, (w) = z (8 (0 4 w) 4 S (w —w)| + -—2'-'- v W= g - 182,

1==1

. (5)
where S (w + w)) for the model selected for process o(t) equals [4]

A? —'2 w t ay
S0t w)=mgre 0 [m (LEL) 4 Fo £ w)],

. (6)
From equation (6) it follows that the influence of instabilities, ¢(t) ,
on the spectrum of signal (1), consists in a reduction of its strength,
determined by factor exp (-0.) and in the appearance in the region of
frequency w, of a "pedestalQ describgd by function F(w t_wi) , whose
width increases with an increase in 0, and o (fig 2).

zf»ﬁ'cJ-q)
_ * "- s .
A
A
B
o "1 @ ] v ]%¥9

Pigure 2, Dependence of "Pedestal' on Variance, qg , and Width of
Spectrum, o

It is possible to reduce the influence of external effects by using an
automatic phase control (PAPCh) system, which would result in slow fluc-

tuation, ¢(t) , of the phase of signal (1). In the synchronous mode the
FPAPCh controlled oscillatex produces the signal
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uy (8) = Uy sin[wot+D; (1) ];
O (1) = (1),

7N
and the voltage at the output of the FAPCh phase detector equals [5]

V(1) =+ pU,U, sln [s (1) --“%x(t)], t=0, - b;

(8)
where p 1e the phase detector's transmission coefficient. Assuming the
transmission coefficient, K(p) , of the low-frequency filter (cf. fig 1)
in the noise frequency band 50 be equal to one (first-order FAPCh system)
and assuming the variance, o- , of the tracking error, £ , to be sufficient-
ly slight [5], for (8) we ge

v(t) = Ves(t) = ¥ (B V=5 pUsUdo(6),
' (9
where

y(t)=Vicos[Qt+e(t) ]+ Vicos[Rt—e(t)],
Vi Vg
(10)

The spectrum of the signal for error € , taking into account (4), can be
written in the form [5]:

2 '
205 0 w” 371'

N,
, 7t
Sy (w) == G2 wd) (M 4wy | P wl

(11
where B 1is the width of the FAPCh holding band, N, 1s the intensity of
fluctuations of the phase of+ the tuned oscillator,.and q is the ratio
of the power of carrier (1) to the intensity of shot noise in the frequency
band, B ,

U3
7= 7%
(12)
The variance of process e(t) i1s determined by the equation
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d=deir ()

:‘ (13)
If the following conditions are fulfilled:
C Ba, p3Na g3,
2 (14)
then o <1 ané the correlation function of process y(t) can be
written in the form [4]:
-—g1
- ‘ ky () & Vie™" [1 4 ki (x)] cos O,
' _ - (15)
vhere k_(1) = Cie Blrl _ C,e alr] :
. ..—; e LN T T
C1-°3p=_—¢a+'i(‘;+7)= Cy =Rz
(16)

From (15) and (16) by means of a Fourier tranaform we get an expression
for the spectral density of signal v(t) :

Sv(w) = VS, () +5y (0+8) +5, (0—R), an
2
v ra- e dfo () A a)

Fi(o + Q) =‘;-C,[1 + (%‘J)nr- C,[l + (m : g)zj_l.

a

(18)

A comparison of (6) and (18) demonstrates that the influence of FAFCh

on the spectrum of the signal processed consiats.in lowering of the
"pedestal” near frequency 2 and in a change in its shape (fig 3); the
use of FAPCh also considerably reduces the dependence of the spectrum on
the statistical characteristics, (4), of the external effecf, since ugon
fulfillment of the conditions in (14) the value of exp (-07) v 1 -0
depends but slightly on the variance and width of the noisesspectrum.

The stabilizing effect of PAPCh was verified in a heterodyne interferometer
with an electrooptical light modulator similax to that described in [6]

in measuring the amplitude of the ultrasonic vibrations of a piezoceramic
plate. The apparatus had the following parameters: w,/2r =1 Miz ,

B/2m = 20 kHz and N,/27 = 0,5 kHz , When the FAPCh was shut off the
second input of the pﬁaae detector was connected to the heterogzne of the
electrooptical unit (cf, fig 1), which had a stability of ~10 ° . The
spectra 6f the output voltage of the phase detector (fig 4) obtained by
means of an $4~12 spectrum analyzer confirm the effectiveness of using an
TAPCh system for processing the signals of a heterodyne interferometer,
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UDC 621.38:537.312.5
BOOK CONCERNED WITH EFFECT OF PENETRATING RADIATION ON ELECTRONIC EQUIPMENT

Moscow DEYSTVIYE PRONIKAYUSHCHEY RADIATSII NA IZDELIYA ELEKTRONNOY TEKHNIKI [Effect
of Penetrating Radiation on Electronic Equipment] in Russian 1980 signed to press
17 Mar 80 pp 2, 224

[Annotation and table of contents from book by Valeriy Mikhaylovich Kulakov,
Yevgeniy Aleksandrovich Ladygin, Valerily Ivanovich Shakhovtsov, Erikh Nikolayevich

. Vologdin and Yuriy Nikolayevich Andreyev, Izdatel'stvo "Sovetskoye radio," 6500
copies, 224 pages]

[Text] The results of domestic and foreign study of the effect of radiation on
- variation pleces of electronic equipment are generalized and set forth in the book.
The physical mechanisms of radiation damage and the nature and properties of radia-
tion flaws in materisls and pleces of electronic equipment are examined. Basic
mathematical relationships and a large number of experimentally derived dependencies
for the change in the parameters of the primary classes of electronic equipment and
- materials when exposed to neutrons, protons, electrons and Gamma-quanta are given,

The book is intended for specialists engaged in the design of electronic equipment
and research into their radiation stability, and it may be useful for instructors
and etudents in higher educational institutions.

Contents Page
Introduction 3

Chapter 1. Types of penetrating radiation and their primary

characteristics 5
1.1 The radiation situation 5
1.2 Radiation sources employed during experimental research 14

Chapter 2. Effect of radiation on design materials for electronic equipment 25

2.1 Brief description of the main types of radiation flaws in solid

bodies 25
2.2 Interaction of radiation with matter 30
2.3 Influence of radiation on the electrophysical properties
~ of semiconductor materials 41
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2.4 Influence of radiation on the electrophysical properties of

inorganic materials

2.5 Influence of radiation on the electrophysical properties

of organic materials

Chapter 3. Effect of radiation on semiconductor devices and integrated

microcircuits

3.1 Bipolar transistors

3.2 Unipolar transistors

3.3 Semiconductor diodes

3.4 Tunnel diodes

3.5 Semicond#otor photoconverters

3.6 Integrated microcircuits

- Chapter 4. Effect of radiation on piezoelectric crystal materials

and articles

4,1 Effect of radiation on crystalline quartz

4,2 Effect of radiation on plezoelectric crystal articles

Chapter 5. Effect of radiation on radio parts and components

5.1 Capacitors
5.2 Resistors
5.3 Radio components
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UDC  621.396.9(075)
BOOK CONCERNED WITH MICROCIRCUIT DESIGN AND TECHNOLOGY

Moscow KONSTRUKTSIYA I TEKHNOLOGIYA MIKROSKHEM (GIS I BGIS) [Microcircuit Design and
Technology (Hybrid IC and Large Hybrid IC)] in Russian 1980 signed to press 9 May
1979 pp 2, 253-254

[Annotation and table of contents from book by Yuriy Petrovich Yermolayev, Mikhail
FPedorovich Ponomarev and Yuriy Grigor'yevich Kryukov, Izdatel'stvo '"'Sovetskoye
radio," 25,000 copies, 256 pages]

[Text] Methods for the design of passive film elements and methods for their manu-
facture are presented. Means for optimization of the topology of sets of film com-
ponents are examined from the positions of stability and accuracy of the microcir-
cults' output parameters. General questions about the designing of hybrid inte-
grated microcircuits (thermal conditions, spurious couplings, reliability) are set

- out. Assembly and mounting procedures, as well as organization of the production
of hybrid integrated microcircuits (HIC) and large hybrid integrated microcircuits
(LHIC) are described. Attention is devoted to microcircuits for the microwave band
and to functional microelectronic components and apparatus.

(The text) is intended for students studying in the areas of specialization: "De-
sign and Production of Radio Equipment" and "Design and Production of Electronic
Computer Devices.”

Contents Page
i Preface 3
Introduction 5
Chapter 1. Large Hybrid Integrated Circuit Technology 8

1.1 Primary manufacturing methods employed in production of HIC and
- LHIC and their classification 8
1,2 Preparation of base layer before applying film [1] 10
1.3 Precipitation of f£ilm by thermal vaporization in vacuum [2] 11
1.4 Precipitation of film by ionic pulverization [2, 4, 7] 16
1.5 Vacuum equipment for manufacture of thin-film microsystems [2] 20
1,6 Chemical methods for film precipitation [3, 7] 25
1,7 Principles of photolithography [3] 25

1,8 Separate application of film and formation of component circuits
over the whole base layer [3, 5] 28

1.9 Combined application of film and formation of component circuits
over the whole base layer [3, 6, 7] 34
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Separate application of film and formation of component circuits
with step-by-step treatment of the base layer surface [2, 4]

Combined application of film and formation of component circuits
with step-by-step treatment of the base layer surfzce [4]

Precision of manufacturing processes for manufacture of f£ilm
components [1]

Matching film corponent parameters (1]
Procedures for assembly and mounting of HIC and LHIC [1, 3, 8]

Technical and economic evaluation of technological mamufacturing
processes for HIC and LHIC and selection of the optimum variant
(2, 3]

Organization of HIC and LHIC production [8]

2, HIC and LHIC Units and Componeants

Base layers for film microcircuits

Film resistors and conductors

Contact film comnections [9]

Plastic-film capacitors [12]

Plastic-f1lm induction coils [11]

Selective devices based on plastic-film LC-units
Plastic-film RC-structures with distributional parameters
HIC and LHIC components

3. Hybrid Integrated Microcircuit Design
Principle of HIC and LHIC layout

Design of HIC and LHIC bases

Designing HIC and LHIC

Typical HIC and LHIC designs

Classification, nomenclature and types of domestic microcircuits

4. Microwave Band Microcircuits
General concepts about microwave band microcircuits
Units and components of microwave band microcircuits

Designs for microwave devices
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Chapter 5. General Questions Comncerning Development of Technical
Specifications for HIC and LHIC

5.1 Mathematical representation of the correlation constraints of
parameters for groups of jointly treated microcircuit elements

5.2 Calculation of the range of the output parameter for a micro-
cireuit, considering the correlation of parameters for groups
elements

E 5.3 Optimization of plastic-film element groups based on the criterion
of range of the cutput parameter

) 5.4 Spurious couplings and interference in HIC
_ 5.5 Thermal conditions for HIC
- 5.6 HIC reliability [25]

i 5.7 HIC and LHIC temperature and time stability

- 5.8 Combined output of suitable identical functional assemblies on a
< common board

5.9 Optimum number of assemblies or groups of elements on a board
and the effectiveness of processing redundancy

5.10 Search for an optimal solution given various LHIC layout variants
(26]

5.11 Development of HIC and LHIC and formulation of design and
minufacturing specifications
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- 6.2 Acoustic electron functional devices [17, 18]
6.3 Optoelectron devices [16]
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UDC 621.396.62:[623,61:355.40}+621.317.757
BOOK CONCERNED WITH PANORAMIC RECEIVERS AND SPECTRUM ANALYZERS

Moscow PANORAMNYYE PRIYEMNIKI I ANALIZATORY SPEKTRA [Panoramic Receivers and Spec-
trum Analyzers] in Russian 1980 signed to press 25 Dec 79 pp 2, 348-350

[Annotation and table of contents of book by Valentin Alekseyevich Martynov and
Yuriy Ivanovich Selikhov, Izdatel'stvo "Sovetskoye radio," 10,000 copies, 350 pages]

{Text] The basic methods of spectral analysis and the principles for comstruction
of panoramic receivers and spectrum analyzers are examined. The designation and
areas of application for panoramic devices are determined, and requirements for
their basic characteristics are formalized. Physical processes in the primary chan-
nels of these devices are analyzed and recommendations for their optimum construc-
tion under real operating conditions are made. Structural circuits of panoramic
devices and variants in their construction are examined, as are questions concern-
ing the display, registration and processing of the results. Descriptions of cer-
tain panoramic receivers and spectrum analyzers presently in use are given (the
first edition came out in 1964).

(The book) is intended for specialists engaged in the development of pertinent equip-
ment or who use it for analysis of radio radiation. It may be of use to instructors
and students of higher educational institutions for the corresponding specialties.
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Introduction 4

Chapter 1, Principles of panoramic radio reception and analysis of radio
radiation spectra

1.1 Basic assumptions of frequency analysis 8
1.2 Parallel frequency analysis ) 16
1.3 Series frequency analysis 19
1.4 Combined frequency analysis 22
1.5 Basic performance figures of panoramic devices 24

Chapter 2. General questions about panoramic reception and spectrum analysis 32

2.1 Interrelationship of the basic parameters of panoramic devices 32
2.2 Probability of signal detection and resolution 34
2.3 Reception side channels and combination interference in panoramic
receivers, Selection of intermediate frequencies 53
2.4 Nonlinear distortions in a panoramic receiver 58
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Sensitivity and dynamic range of a panoramic recelver

3, Wide-band channel of panoramic devices

Wide-band channel designation and basic requirements for it
Optimum distribution of amplification in wide-band channel
Structure of the wide-band channel

Smooth and discrete retuning of the wide-band channel and panoramic

heterodyne
Variations in electronic retuning circuitry

Circuit featuves of wide-band channel stages

4, The analyzing channel of gseries-analysis panoramic devices
General information and posing the problem

Transients in a resonance amplifier

Possibilities for practical realization of a bell-shaped character-

istic for a narrow-band channel

Use of integrators in a narrow-band channel
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Statement of problem
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Series analysis with time compression of signals
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Transients in the narrow-band channel
The narrow-band channel of a parallel-analysis panoramic device

Methods for establishing narrow-band channel characteristics

7. Promising spectral analysis methods
Dispersion-time spectrum analysis devices
Recirculation spectrum analyzers
Acousto-optical spectrum analysis methods
Digital spectrum analysis methods
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UDC 621.396.6
BOOK CONCERNED WITH PROBLEMS OF THE QUALITY OF RADIO COMPONENTS

Moscow VOPROSY KACHESTVA RADIOETALEY [Problems of the Quality of Radio Components]
1 in Ruseian 1980 signed to press 25 Feb 80 pp 2, 327-328

[Annotation and table of contents from book by Boris Yuzikovich Gelikman, Galina
Anatol'yevna Goryacheva, Lev Leonidovich Kristalinskiy and Vladimir Vladimirovich
Stal'bovakiy, Izdatel'stvo "Sovetskoye Radio," 9000 copies, 328 pages])

[Text] Problems are covered concerned with providing for and controlling the quality
of capacitors and resistors under conditions of mass production and use. Particular
attention is paid to an analysis of the means of insuring high quality and reliabili-
ty of radio components, to the physics of capacitor and resistor failures and to ex—
amining existing methods of monitoring the quality of these items,

(The book) 1s intended for specialists working at the design and production of radio
components and electronic equipment.

Contents Page
Forward 3

Chapter 1. Design and engineering features and capacitor quality

1.1 Capacitor classification and primary features 5
1.2 Capacitors with solid inorganic dielectric

1.3 Capacitor with solid organic dielectric 13
1.4 Capacitors with oxide dielectric 18
1.5 Capacitors with gaseous dielectric 25
- 1.6 Trimming capacitors with ceramic dielectric 33
Chapter 2. Design and engineering features and quality of resistors 35
) 2.1 Resistor classification and primary features 35
7 2.2 TFixed carbon resistors 45
2.3 Fixed wire-wound resistors 54
2.4 Variable resistors 63

Chapter 3. Requirements for radio components quality and methods of verifying
them 67
B 3.1 Requii-ements for radio components quality 67
3.2 Verification of requirements imposed for radio components quality 79
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Chapter 4. Radio component resistors to radiation effects and to factors

of outer space 96
4.1 Effect of penetrating radiation on radio components 97
4,2 Influence of high vacuum on radio components 122
4,3 Effect of low temperatures on radio components 126
Chapter 5. Radio components reldiability 131
5.1 Quantitative reliability indicators 131
5.2 Law of distribution of full operating time 135
5.3 Serviceability criteria parameters 139
5.4 Influence of operating conditions on radio components reliability 147
i 5.5 Testing radio components for reliability 157
5,6 Methods for accelerated reliability appraisal 162
‘ Chapter 6. Physics of radio compoﬁents reliability 169
5 6.1 Aging of radio components 169
{ 6.2 Radio component failures 187
! 6.3 Physical models of radio component failures 194

‘ Chapter 7. Insuring and controlling capacitor and resistor quality
‘ during the production process 206
7.1 Factors determining capacitor and resistor quality 1206
7.2 Methods for analysis and optimization of the production process 208
- 7.3 Quality control for radio parts 218
7.4 Statistical regulation of the manufacturing process 228
7.5 Training processes for grading 234
7.6 Testing the finished product 237
7.7 Measurement and quantitative appraisal of quality . 240

Chapter 8. Non-destructive methods for testing radio components quality
and reliability 255
- 8.1 Features of non-destructive test methods ' 255
8.2 Classification and analysis of non-destructive test methods 258
) 8.3 Problems which are solvable using non-destructive test methods 262
8.4 Local diagnostic methods used for non-destructive quality
control of radio components 266
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Integral diagnostics methods for radio compomnents

9. Reliability of radio components in use

Radio components working conditions

Instructions for mounting and fastening radio components
Protecting radio components from the effect of mechanical tension
Protecting radio components from increased humidity

Instructions for use of radio components under increased and
reduced atmospheric pressure

Features of radio components use under various electrical
conditions

Protecting radio components from heat exposure
Controlling the correctness with which radio components are used
in equipment

1. Sampling volume n when testing items for reliability at
P, or Po(ti) (14 = 'rg)

2. Minimum value of the probability of uninterrupted operation

given the normal and logarithmically mnormal law of the dis-
tribution of failures of items in time

3, Values of P(ty) satisfying the conditon
[1n P(t4)]1/[1n P(1,)] = [(14 =N/, -NI&

4. Constants G for detecting doubtful measurement results
according to the Grabbs criterion

5, Normal deviation of given probability

6. Values of coefficients Ay, Ap, By, Dy for compiling control
-charts [171]
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RADARS, RADIONAVIGATION AIDS, DIRECTION FINDING, GYROS

UDC 621.396.96

SUBSURFACE RADAR SOUNDING OF LAYERED MEDIA. THE EQUATION OF THE
SOUNDING BEAM

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 25, No 7, Jul 80
pp 1434-1437 manuscript received 31 Jan 79

[Paper by V.S. Luchininov]

[Text] The sounding ray path in a layered
medium is defined as the shortest range path
via which the sounding signal propagates
from the transmitter to the target and back.
An equation is derived for the sounding path
in an observed medium and the possibilities
of refining the procedure for subsurface
sounding and vertical radar profiling through
introducing a doppler frequency shift meter
into the circuitry of the radar system are
analyzed.

Let a two position radar system (RLS) probing with nondirectional
antennas travel above an inhomogeneous half-space of a layered structure.

The relationship between the spatial position of the incident and reflected
beams as well as the signal parameters and the motion of the radar system
and the target are of interest for the practice of subsurface sounding

of layered media for the purpose of reconstructing the relief of the
structural boundaries or determining the coordinates of concentrated
targets.

We shall find this relationship given the following limitations:

1) The ranges from the radar transmitter and receiver to the boundaries
of the nearest layer, as well as the characteristic dimensions of the
layers are much greater than the wavelength, corresponding to the lowest
frequency in the spectrum of the sounding signal in each layer.

45
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060033-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060033-6

FOR OFFICYAL USE ONLY

2) The boundaries of the layers are stationary, isotropic, while their
deviation from the corresponding mean values and their slopes are
small; 3) The components of the structure are weakly absorbing media;
4) The motion of the radar tramsmitter and receiver as well as the
target are mutually independent, while their displacement over the
signal propagation time from the transmitter to the receiver are
neglectibly small.

The system of limitations enumerated above produces a satisfactory
approximation on one hand for the conditioms for radar photography of
glaciological objects and geological structures from space vehicles
and aircraft (KLA and ALA respectively) [1, 2, 3], and on the other
hand, substantiate the applicability of the geometric optics approx-
imation.

We shall number the sequential layers in which the sounding signal
propagates, beginning with the layer in which the radar is located,
with the numbers 1, 2, 3, ..., m, and let m be the number of the
reflecting surface or medium in which a concentrated target is located.
Further, we shall designate the boundary surfaces of the media as Sy,
where § = 1, 2, 3, ..., m, while the refraction or reflection points
of the sounding beam (ZL) of the surface Sp at these boundaries,
respectively as Q;, Q> Qg, where the superscripts designate the seg-
ments of the sounding beam from the tranmsmitter to the reflector (t)
and from the reflector to the receiver (r). We shall designate the
radar gource and receiver as QB and QB respectively.

With the symbols introduced here, the optical length of the sounding
beam segment in the layer (j) can be represented in the form:

@8] Pt=nQi-,' QS

where n4 1s the absolute index of refraction of the material of the
layer d)

We rewrite (1) in the form:

(2)

@ (Ko X T (¥ Y  F G )

where X§_1, Y;tl:—l» Z§_1 and x;", Y; and Z§ are the coordinates of the

points Qr'_ and Qt respectively, and we differentiate the expression
obtuined with respect to time.

Taking into account the fact that r‘xj = (0, we obtain:
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(3) 21=SHV QN -V (010},

where St 1s the beam vector in the layer (3); 6(Q§) is the velocity of
the poiit Q§.

Let the radar target be the structural surface Sp.

By summing expressions of the form of (3) over all segments of the
sounding beam from the source to the reflector and from the reflector
to the receiver, we obtain:

%) & - o -

Y @2 =187 -5V 01+

Jmt
Med

+ ¥ 7@ Gi-8i0 +ET (@) -8nV (@) 1+
Jumi

- + Y 70 S50

Jumm—t

We shall show that on the right side of the expression written here,
all of the terms with the exception of the first are equal to zero.

- We shall consider an expression of the form:

V(@) (S/~8u),
which takes the form of the scalar product of the velocity vector of

the refraction point Qj at the separation surface 5y, and the vector
equal to the difference in the beam vectors in the contiguous layers.

_ The refraction point Q} is invariably related to the separation surface
‘ Sy, and therefore its Velocity vector is located in a plane tangent to
t%e separation surface at the same point.

The vector (§§ - §t+l), by virtue of the law of refraction, agrees
with the vector of the normal to the surface at the refraction point
within the precision of the scalar factor [4].

Consequently, the vectors 3(QC) and (§§ - §§+1) are orthogonal, and
their scalar product is equal to zero.
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Thus, any term of each of the sums incorporated in the right side of
expression (4) is equal to zero.

As far as the following term is concerned:
[s'mr‘;(om') —-S',,."-i’(om') ],

then the points Q; and Q; coincide, it proves to a speclal case of the
expression already considered above and for the same reasons should be
set equal to zero.

Finally, we obtain instead of (4):
(5) cta=SV(0) =517 (04,

T (1/) 2(2,f+z’n

where ¢ 18 the velocity of light in a vacuum; o

is the delay of the reflected signal; i, 1s its derivative with respect
to time.

In a similar fashion, an equation can be derived for a concentrated
target in the layer (m):

(6) - - _ .
ctmS, 7 (Q0) =8, T (Qs') +V (Qm) (Sm' —S"),

where the quantities tm and ¢ have the same meaning as before. The
expressions obtained remain applicable when the source and the receiver
are located in different layers or in a continuously inhomogeneous
medium.

In the case of a single position radar, we have:

a) For a reflecting surface
M S:‘V.(QO')"—N../Z
(b) For a concentrated target

(8) .3»-'1’(0-») "3l‘V(Qo') =i/ 2.
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- 1f the target is stationary, equation (8) changes to (7).

Let P be a fixed point in space, through which identical radar
soundings are made at different points in time and at different
velocities.

If the above mentioned velocities form a base in three-dimensional
space, the equation for the sounding beam of the surface Sp in the
observed medium can be written in the form:

(9) XV, - X,V - X,V

Tim tom Tam

where Xy (1 = 1, 2, 3) are the projections of the sounding beam onto
the corresponding coordinate axes; Vy are the absolute values of the
velocities, where the origin of the coordinates cooncides with the
point P,

Expression (9) also permits other forms of writing, for example:

(10) XiV! - XlVI - X.V;
gi Ql g; !

-
where Qi is the doppler frequency corresponding to the vector Vi, or

¢ X X
(11) Xg - 3 - L]

(=) () (@)

where the mpatial derivatives of the delay for the case of motion
along the axes of some baseline are designated as (dtim/dxy).

As a rule, the observer is located invariably above the surface of
the object being sounded, something which makes it possible to employ
a plane base and an abreviated form for the writing of the sounding
path equation.

Time scans (radargrams), which fix the instantaneous distributions of
the delays of the reflected signals relative to the sounding signal

for the case of motion along one of the axes of the velocity baseline
being imaged [1, 2, 3] are employed in radar systems which are actually
used for sounding to reconstruct the relief of the structural boundaries
of a medium.
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This creates difficulties in the decoding of the radargrams of layered
structures with a complex relief of the reflecting boundaries [3, 5].

The analysis made here indicates the possibility of refining the procedure
of both subsurface sounding and vertical profiling through the introduction
of copple frequency meters into the radar circuitry and the creation of a
velocity baseline at each point in the trajectory of a space vehicle or
aircraft, with respect to which the direction of the sounding beam can

be determined.

In actual fact, by having data on the radar coordinates, the elements of
the velocity base, the doppler frequencies of the reflected signals and
the propagation velocities of the radio waves in the layers, one can
determine the position of the sounding beam in the observed medium by
means of equation (10), and then, based on the known delay, determine the
coordinates of the points of the reflecting boundaries beneath the radar.

The procedure described here is always feasible for an open reflecting
surface, 51, since in the case of a single position experiment, a single
segment of the sounding beam coincides with the normal to the surface at
the reflection point.

To obtain the coordinates of a subradar point on a high numbered surface,
for example, Sm, it is necessary to supplement the data enumerated

above with equations of surfaces having smaller numbers from the first

to the (m - 1)-th inclusively.

The coordinates of the refraction points, the sounding beam dir¥ctions
and the partial delays for the case of propagation in media with numbers
of from 1 to m are sequentially computed from these data, after which
the coordinates of the reflection point Qp are determined.

The additional data can be obtained from the results of detailed plane
surveying.

In the case of a profile survey, the information on the directiou of the
sounding beam can be used to eliminate signals from lateral directions.
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UDC 621.396.96

ON THE EFFECTIVENESS OF INTERPERIOD COMPENSATION FOR PASSIVE RADAR
JAMMING

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 25, No 7, Jul 80
pp 15341537 manuscript recetved 23 Jan 79

[Paper by V.A. Kortunov and F.V. Kivva)

[Text] Moving target indicatien (SDTs) [MTI] filters have found appli-
cation in the detection and measurement microwave signals against a
background of returns from local objects, vegetative cover, an agitated

- gea surface and weather formations. 1In one of the most widespread
variants - an interperiod compensation (ChPK) [IPC] filter, the fre-
quency characteristic is described by the formula:

. [0]
Hy () 217 gintp —
(1) 1(w) = 27 gini» o

vhere Fyy 1s the repetition rate of the sounding signals; p 1s the sub-
traction multiplicity factor (p = 1, 2, ...).

- The increase in the signal-to-noise ratio 1s achieved by the predominant

: suppression of the narrow band interference (compared to the signal),
where the bulk of the interference energy is concentrated close to the
harmonics of the repetition rate. It has been established [1] that with
a gaussian envelope of the power spectrum of the Interference, a charac-
teristic of the improvement of the signal to noise ratio is the increas-
ing function of the subtraction multiplicity factor.

Theoretical [3] and experimental [4] studies indicate the possibility

of approximating the power spectrum of the interference with an expo-
nential function
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G
- @ Grn(0)m w3 (04)

1+|wml|
vhere @ = 2nF,; v is the exponent which is determined experimentally,
In particular, for the case of returns from forests, it varies in a
range of ~3 to ~4.8 with the most probable value being -3.8 [4]. 1In

- contrast to a gaussian curve, the approximation of the curve (2) of the

measured spectra of returns from the sea in the 1 and 30 GHz bands

; proves to be true all the way down to levels of =25 to -30 dB and lower
‘ for values of the parameter v which vary in a vange of 2.5 to 4.

" : The purpose of this paper is to calculate the effectiveness of multiple
X ChPK [interperiod compensation] circuits for the case of the approxima-
tion of the interference spectrum with an exponential function. Results
calculated using a general procedure for a gaussian approximation of
the interference spectrum are also given.

Improving the Signal-to-Noise Ratio By Means of p-Multiple interperiod
Compensation

The selective properties of IPC can be estimated in various ways. However,
most frequently used is the calculation of the subnoise visibility
coefficient, defined as the ratio of the interference power at the input

to the suppression circuit to that useful signal power at the input for
which the average power of the useful signal is nine times greater than

the interference power at the output of the circuit [2]:

3 NSy K N

e - - —
ONaux/Sanz 9 N =

K Nypn
T Nout

where N and S are the powers of the interference and the signal, the
subscripts "in" and "out" apply to the input and output terminals of

_ the circuit; K = <Sout>/31n is the ratio of the useful signal power
averaged over the period of the frequency characteristic of the IPC at
the output to the power of the useful signal at the input to the IPC:

nrg 1

. K_z_;p.:.;[ﬂ(w)dmnal‘uin’ﬂl(n-‘%) d(}’:);
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H(w) = Hy(w)/Hpax(w) is the normalized frequency characteristic of the
p-multiple IPC.

Shown in the Table are the values of the coefficients K for IPC's
with multiplicity factors of from 1 to 5, computed from formula (4).

TABLE

It can be seen from the Table that with an increase in the value of p,
the average signal power at the output of the IPC circuit decreases.

For this reason, che question of the expediency of increasing the multi-
plicity factor can be resolved only by taking into account the reduc-~
tion in the interference power at the output.

By normalizing the interference power at the input so that Ni{n = 1,
formula (3) can be rewritten:

K 1
(5) = - K
ONaux .0

out 950,,@)}1(@)‘1(9

u

It follows from (5) that the calculation of & can be reduced to finding
the "uncompensated" interference power at the IPC output, the value of
which depends on how precisely the rejection compencation fllter 1is
matched to the envelope of the interference spectrum. If the sounding
signal is periodic and the interference is narrow band, the computation
of € from formula (5) can be simplified by 27suming that the signal-to-
nolse ratio for the composite signal will b. the same as for the parts
of 1t in a frequency range of zero to Fnp or Fp to 2Fy, etc. The narrow
hand nature of the interference makes it possible to use the first

term from an expansion in a Taylor series instead of a precise function
for H(w) in the integral of (5), for example, for the gaussoid:

1 { o 4fra
N1 ==— | G P e borind
wx 1 ?-“a‘. i (0) H (0) do 23! —x
(6) Xexp{—a(—w—)z}( © )2pd(,,=w @ »
W 2F, (2a)? g ) !
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where (2p - 1)!1 is the factorial of the odd numbers; a 1s a dimension-
less parameter determined experimentally [11.
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The subnoise visibility coefficient as a functicn of the
subtraction multiplicity factor for an exponential approx-
imation of the power spectrum of the interference when v = 2 (a);
ve3(b); v=24(c)andv=5(d),

When computing the residual interference power in (6), and thereafter,
(t is assumed that the IPC circuit incorporates a heterodyne stage
for "wind velocity compensation", which makes it possible to combine
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- the zeros of the frequency characteristic H(w) with the "wind drifc"
frequencies: (aF, + f;), wherea =1, 2, ... . By substituting (6) in
(5) for a p-multiple IPC, we obtain:

) e‘-_"_(ﬂ'_) v__@ar
NP\ p-1)ll

An analysis of function (7) makes it possible to draw the following
conclugions.

1. The results of calculations performed using formula (7) for p = 1
and p = 2 are in good agreement with the known results of [1, 2].

By using formula (5), one can compute the residual interference power
= for the case of an exponential approximation of its energy spectrum:
N ! -G (0)H (0)do

- [V e
wux il znoj N3

(8)

— n
= 1,7vy2a sin —

v
2n @ "

el lg ] ]
n

sip ——
v

w \
(-——-) do =
Zﬂ !

(rao) *?
(0850q)%?(20)7  2p+1
8ip ——

- v

n

- Integral (8) exists whem v 2 2p + 1 > 0, where Q = 2nFe = mg/O.BS/Z—a
(or p & (v = 1)/2). Substituting (8) in (5), we find:

. 2p+t
K ,O0850gy\» "
(9) er = ( ) (20)?

nd» Wo

n

8ip ~—
v

If the subtraction multiplicity factor is p > (v - 1)/2, integral (8)

- tends to infinity, something which is evidence of the impermissibility
of the simplifications which were made, since the residual noise power
for a psssive circult cannot exceed the power at its input. In this
case, (5) can be calculated numerically.
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The results of calculations of € on a computer are shown in Figure 1
for various powers v and subtraction multiplicity factors p. The
parameter for the curves of Figure 1 is the ratiom = Fﬂ/;/fo.

An analysis of the curves of Figure 1 shows the following.

1. When the interference spectrum is approximated by a gaussian curve,
the value of & increases monotonically with an increase in the subtrac-
tion multiplicity factor. When the value of the parameter m < 20, the
gradient of € amounts to about 10 dB/subtraction. When m > 20, it
increases up to 25 dB/subtraction and more.

2. When the interference spectrum is approximated by an exponential
function, the tendency for the saturation of ¢ with an increase in the
subtraction multiplicity factor 1s manifest all the more strongly, the
smaller the exponent Jis or the decrease in the interference spectrum.
When v = 2, the effectiveness of IPC 1s poor, and practically does not
depend on the subtraction multiplicity factor. When v = -3 to -4, an
increase in p from one to two yields a substantial gain in the value of
€, however, a further increase in the subtraction multiplicity factor
does not lead to a marked increase in the subnoise visibility coefficient.
When v > 5, increasing the subtraction multiplicity factor up to a value
- of p = 3 leads to a proportional increase in ¢.

3. To improve the subnoise visibility of signals against a background
of cliutter from local terrain, the.sea and weather formations by means
of IPC, it is desirable to increase the repetition rate of the sounding
gignals.
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THE SYNTHESIS OF AN ARTIFICIAL APERTURE FOR MICROWAVE RADIO SIGNALS
REFLECTED FROM THE SEA SURFACE

Moscow RADTOTEKHNIKA I ELEKTRONIKA in Russian Vol 25, No 7, Jul 80
pp 1426-1433 manuscript received 6 Sep 77

[Paper by B.S. Mush]

[Text] Recommendations for the performance of
experiments which ascertain the properties of

a reflecting sea surface (MP) are given on the
baeis of an analysis of a formula to estimate

a reflecting surface function (FOP), which takes
the form of a linear superpositioning of simple
waves and the returns of a radar with a synthe-
sized antenna aperture. Results of experiments
are given which show that the sea surface
produces a return signal which is suitable for
effective coherent accumulation by virtue of
the wave nature of its reflecting surface function.

Introduction

A characteristic feature of the sea surface from the viewpoint of radar
operation with a synthesized antemna aperture (SAR) is its timewise
variability: the travel of an element of the sea surface in the direction
of the line of viewing over a time equal to the synthesis interval is
much greater than the radar wavelength . If this travel is treated as
chaotic, then it should lead to signal errosion [1], a result of which is
a loss of image quality. Because of the complexity of the phenomenon a
model of synthesized aperture radar operation for the sea surface should
be based on experimental data, which should be as simple and as universal
as possible. Experimental studies performed with the participation of
the author of this paper in the X-band* showed that the signals reflected

*The designations of the frequency bands are given in accordance with The
table given in [5].
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from the sea surface can be subjected to efficient coherent accumulation,
as a result of which, radar images of the sea surface were obtained
(figure 1) and similar results were obtained in the L-band [2, 3, 4].

1. The Theory and Principles for Obtaining Images of Wave Type Reflecting
Surface by Means of Syntheaized Aperture Radars

The following presentation has the purpose of ascertaining the quantitative
relationship between a synthesized aperture radar signal and a timewise
variable function which describes the properties of reflecting surfaces.
These expreassions were used to analyze signals reflected from the sea
surface, and were also employed in experimental studies. The signal

a(t), reflected from the surface, at the input to the radar processing
system can be represented in the form:

- ‘ (1) n(t)-j jK(X(t)'-—z)Q(t+%-(Y(t)-—y))exp(-—2tky)><
X{(z,y, ) dz dy+n(®),
where . n -
1 3
K(z) - ( -T(T) exp—ik —?—(6‘)- H

and the integration is carried out in a rectangular system of coordinates
(x, y), in which case, the direction of the main lobe of the radar direc-
tional pattern G at the point in time p = O is collinear with the vy
axis; X(t) and Y(t) are the projections of the radius vector R(t) on the
x and y axes, where the end of the radius vector coincides with the
phase center of the radar antenna (Figure 2); Q(t) is a complex function
which describes the sounding signal; £(x, y, t) is the complex reflecting
surface function (FOP); k is the wave number (k = 27/1); n(t) is the
additive noise of the syastem, If the FOP is not a function of time,
equation (1) can be treated as an integral equation of the first kind
with a "near difference" nucleus [6] and an unknown function £, the

- estimate of which 1s determined by means of solving integral equation
(1). 1If the FOP depends substantially on time, then (1) loses the solu-

- tion uniqueness, with the exception of one special FOP case, Specifically,

- a wave type function [4]:

f(‘zv 'y t) '-f(z--.z‘,, y“'lh),
where xp and y; are the coordinates of the vector 5,-}1’5.(t)dt; Wel(t) ;

t
+wM(t) is the variable group velocity vector of the wave. The determination
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) of such FOP's as waves is based on the fact ghat this concept does not
requite the obligatory travel at a velocity wy of the material carriers
of the waves, but only their form, and uses the concept of an ideal wave
ag that of the travel of "perturbations in space at a comstant velocity
without a change in their form" [7]. We shall go ahaed with a further
. quantitative analysis for a simplified case, in which the sounding signals ,
are simulated by a train of §-pulses, where § 1s a Dirac function:
- N2

o)=Y, s(t-nTa),

ne-N/2

UImYenUs

! : !

) |Wanpasdaewue - dBuncenus  nrampopms PAC .

Figure 1. The radar image of a sea surface obtained by
means of artificial aperture synthesis.

Key: 1. Direction of travel of the radar platform;
2. Direction of radar transmission;
3. Elevaticn angle =3.5°;
4., Sea surface.

where Ty is the repetition period of the sounding signals; N is the
number of pulses used in the synthesis. Then equation (1) is simplified,
apecifically? )
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[ KX )~2)f(z.5,8)do=

—s(8)exp 2kY (8) +n (2),

(2) ¢
ye ) 0+Y(t), O=t—nT,.

Let f be independent of t, and then the solution of (2) for a fixed

value of y = y = const, is determined by an integral operator with a
nucleus R [4]:

j@, 9= RE-X0),Ps®)X
(3) ' ()
Xexp 2ikY (t)dt,

where, T 1s the synthesis interval. We shall call the function of the
form f(x, y) the FOP estimate. The nucleus of the transform (3) can
form a statistically optimal one in the sense of the mean square devia-
tion of the Wliener-Kolmogorov operator [8]:

K (p)F(p)

(3.1) ﬂ(e)=_j.N(p)+F(P)|K(P)|z

exp iEp dp,

where F(p) and N(p) is the energy spectrum of the functions £ and n;
the symbol (V) designates the Fourier transform of the corresponding
function, while the symbol (*) designates the complex conjugate. Opera-
tor (3.1) yields the dispersion of the estimate of the FOP, og¢, pro-
portional to the integral:

¢ _N@F(p
- (3.2) "~ -[N(

DIFG RGP

In the case where . the following equality has a physical meaning,
NIF®|R(p) |*
throughout the entire frequency range, operator (3.1) forms the widely

disseminated "matched filter'. 1In the case of rectilinear and uniform
motion of the radar platform:

X(2) mwuet==wyt cos B,

(3.3) Y (t) =wayt=w;t sin B,
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w, (t) Figure 2. The geometric relationships of
the system (x and y are the
coordinate axes; wp is the veloc-
ity vector of the radar platform;
% wj 1is the velocity vector of the
% j=th wave of the FOP [gurface

reflection function]; %(t) is
the radius vector of the phase
center. of the antenna).

Key: 1. Direction of radar
transmission.

%222?

vhere wyy and w,, are the projections of the $,, vector on the x and
y axes, while 8’ 1s the angle between the y axis and the normal to
the vector w,, estimate (3.3) has the following form:

f(z,5)= .f R*(p) & (p—2k tg p) exp ipz dp,

§ (II)."K (p+2ktg ) F (p+2k g, B),

where__'f(p, y) is a one-dimensional Fourier transform of the function
f(x, y). We shall also introduce the following definition of the
estimate uncompensated with respect to the angle B8:

hnz. )= [ B () ¥ (p~2k g po) expipz p,

obtained by means of applying the operator R, corresponding to the
angle By, to the signal obtained for a transmiseion direction equal to
8. It follows from what has been said above that:

Dz )= [-B-(p) K (p+2k(tg p-1g b)) X

X {(p+2k(tgp—1tg po), 7) exp ipz dp.

Let f(x, y, t) be a function of time and one which can be represented
as the linear superposition of M wave_)FOP'g, fi, with a wavelength
- Ay and a group propagation velocity of wy = w(AJJ:

M-

f(z,y,t)= ZJ; (z—wit, y—wyt),

Jum0
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where wyx and wyy are the projections of the vector ;j onto the x and
y axes, and then the signal s(t) has the form

M=1

g(t) = 2 j K (Wast—2) f (2— w3, F—Wiyt) expfzikwﬂvt dz

j=y -

i ar
; M-t

S(t)-ZSs(t),

0

n(t)= K=t 1, (6 W) exp—20kHydE,
where -
b= T —Wat; Y= (Wax—Ws) t;

n=y—wyt; Hy= (way—wy) .

Thus, when M = 1, the synthesis procedure is similar to that which is
gone gor the case of timewise constant FOP and a known value of the sum
wy + wy. In the general case:

1 Way—Wyy *
m § e B

(p) ; pr— P w.,.-—w,.)

w, w,

- Xf (p,——2k ~ "."it).
z—'WJx
Wax
121 Was— Wie I’y

- and the FOP estimate which is uncompensated with respect to 8 when Bp=0

i1s: Mt -
Woy—W
oz.§)= B )R {2k ) 1, (p
foo(z, ) ;‘—_[ () K {ps r— i\ s
(4)
Way—Wiy Wae— Wy
P ) 1 Lo o dp,.
Wyx—Wix Tis) exp Wax P Py
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We shall consider the integral brightness function of the FOP estimate
uncompensated with respect t: 8, or simply the brightness function,
defined as:

. (5 IB)=thu@ 0 1%

where the symbol (*) indicates statistical averaging with respect to
the ensemble fg Bo. The use of (4) and (5) following the transformations
yields:

e
I®)=—= [ IR (@) 'B.(p)p,

w&ere %5 is the energy spectrum of s. Considering the fact that
| (p)| is satisfactorily bounded by the limits [-py, p2}, where p2 > 0,
we have:

) {1 P
) (5.1) J(p)u;ﬂ;_{ B.(p)dp.

= The following formal relationship exists between themener§y gpectrum
(p) of the random function y(t) and the function lw(p) | 2:
(6

) [B(p) |*=8(0) B4(p),

while at the same time, the function ig(p)‘z can be represented in the

form:
) - o

. x |1, (p,—zk-gf—:}%il) |

asauming the orthogonality of fj as independent random functions:

- ?ZFEZ-{-—55- efgn j™k,

If;l', OCIK ]-k

Taking (5.1), (6) and (7) intc account, we have:
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M le———u‘.wix
—1 Vax ‘
J(p)z;—-w&__ J -4 Way — Wjy 1
(W — wy,)? pj—2k 2N, / X
nx Iz) N w %; wi ( Wnx — Wiy )
- ) _ Wy — W
X F{py— 2k JR=D)ap,

where F(j)(p ) 18 the energy spectrum of the j-th component of the FOP.
Given the condition that wpy >> wix:

prsk (g a-—:ﬂ'-)
(8) . 1 M- nx
J(B) =~ " X, S F (pj) dp;.
e

—pr—ak (tz - :’T‘;)

An analysis of expression (8) shows that in the case of a single component,
either moving or stationary FOP (M = 1), the width of the brightness func-
tion J(B) is determined by the width of the antenna directional pattern
and the width of the FOP energy spectrum expressed in angular units: the
relationship between the spatial frequency and the angular units 1is de-
fined by the equality:

pA = 4m8B.

- The brightness function of a moving single component surface has a
maximum which 1s shifted relative to the maximum of the brightness

- function of a stationary surface by the amount WJy/wm(. If during the

measurement of this shift, under cogditions where there 1s a lack of

apriori knowledge of the dirgction ¥y this shift is not dzatected, then

this means that the vectors wy and w; are colinea” and it is necessary

to measure the brightness function of the moving surface at a different

value of Bg. If the width of F(3) 1s much less than the quantity

2pp, then the width of the brightness function AB is equal to:

1 A 1 1
8.1 BBt =0 () 0 (e + 5 (-~ )

- where Ap,  and Apgx are the minimum and maximum wavelengths in the set of
M wave %3?'5, given that condition that the function w(Aj) is
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nondecreasing, from which it follows that the presence of dispersion
properties in a complex FOP, which can be represented by the super-
position of simple waves, and the amount of difference between the ulti-
mate wave numbers of the FOP waves have an impact on the widening of

the brightness function. It follows from this same formula that the
width of the brightness function of a stationary surface for synthesis
intervals close to the first Fresnel zone, is basically governed by the
width of the actual antenna directional pattern Bs. That FOP for which
there exist components fy with any finite group velocity wj, can be
considered to be a completely noise-like FOP.

2. The Application of the Brightness Function to the Study of the
Background Properties of the Sea Surface

We shall e~mloy the hypothesis that the sea FOP can be represented by a
set of wave FOP's and that the function w(Aj) obeys a hydrodynamic
dispersion law similar to that which exists for waves at a water surface

[9]:

2ne 1\
“ wb=(Fat2Eg)

where g 1s the free fall acceleration; o 1is the surface tension
clefficlent; while p 1s the density of the sea water. The first part
of the hypothesishas a rather general form and is hardly in need of a
serious check, since any physically feasible space-time function can be
represented as a set of simple waves, for example, by means of expansion
in a two dimensional Feurier series. The second part of the hypothesis
though is in need of a check. We shall introduce the symbol:

Asxs=Nsnse— A, Amin = Amax - SA,

wlith the condition that 8A/Apax << 1, we have the followlng taking
(8.1) into account:

.

A
(10) A8 = 2t pAlaxe A 3A.
Bebot 20 (Asaro) * 20

In formula (10), the second term corresponds to an increase in the width
of the brightness function of the "sea" as compared to "dry land". The
representation of the FOP of the sea with a finite set of wave
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componente is taken as the basis for the treatment of the experimental
data presented below.

3. Experimental Studies of the Specific Features of the Brightness
Function of Radars with Synthesized Apertures for Signals Reflected
from the Sea Surface

The experimental studies consisted in recording the coherent signals
reflectdd from a sea surface and a dry land surface, with their sub-
sequent digital processing. The radio signals were generated by means
of a moving directional radio emission source in the centimeter band
with horizontal polarization for a directional pattern width of about
3°. The elevation angle amounted to 2.5 to 10°: specifically, the image
of the sea in Figure 1 was obtained for an elevation angle of about

3.5° and is an estimate of a FOP of the form of (3) in a synthesis
interval equal to the width of the first Fresnel zone. The processing
of the recorded signals consisted in computing the FOP estimate uncompen-
sated with respect to B of the form of (4) in a range equal to the
first Fresnel zone, and the subsequent calculation of the brightness
function (5). 1In order for it to be possible to compute the brightness
function, the signals were recorded with a slow change in the angle 8.
The precision in the determination in the angle B was about 6'. The
width of the hrightness function was defined at the = 20 dB level.

The experiment which was performed ascertained the following facts.

l. The width of the brightness function for sea and dry land differs
insignificantly. Thus, in one of the series of experiments in which
the state of the sez was about 4 points [4 points on a 12 point scale],
the following results were obtained:

For the sea, AR = 4,560 . 10-2 radians
for the dry land AB = 4.656 + 10-2 radians

for an antenna pattern width of = 4,260 . 10~2 radians. The time for ome
measurement of the brightness function amounted to 60 synthesis periods.,
Then the individual realizations of J(B) were averaged for 20 values. If
formula (10) is used, then we obtain SA = 0,92 m for Apax.

2. The measurement of the position of the maxima of the function J(B)

for sea and 'dry land shows that there exists a shift in them Thus, in
one of the experiments for sea wave agitation of about '3 points [3 points
on a 12 point scale], a shift by an amount of about 2.4 - 10-2 radians
was observed, a figure which amounted to more than half of the width of
By and corresponds to a radial velocity of the FOP of about 2.9 m/sec.
The value obtained is rather close to the value of the velocity of the
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corresponding sea gravitational waves computed from formula (9. In
the case of spegial obgervations which corresponded to the collinearity
of the vectors wy and w4, the shift was not perceptible. However, for
a change in the angle o; the initial setting of the antenna By by about

20°, a marked shift in the maxima of J(B) for sea and dry land appeared.

3. It was noted that the size of the maximum of the brightness
function increased with an increase in the degree of sea agitation,
however, this phenomenon occurred only when the wind strengthened
and is poorly correlated with the presence of wave crests. Stable
synthesized images appeared with sea wave agitation of more than

2 points and wind higher than 2 m/sec.

Conclusions

1. The sea surface in the centimeter band and with an observation
time of less than one second for the case of artificial aperture
synthesis produces a radar picture which is premoninantly of a single
wave structure, moving at a constant velocity, and in thils sense is
a result of effective coherent accumulation.

2. The phenomenon of shift with respect to the azimuthal angle of the
brightness function of the synthesized images of the sea relative to
that for dry land can be explained by the motion of gravitational sea
waves,

3. Based on what has been presented above, it can be presupposed that

a specific feature of synthesized images of the sea 1s the presence of
brightness- contrasts of the individual surface sections with an anoma-
lous group velocity of motion, something which opens up new possibili-
ties in mapping the surface of the sea.

In conelusion, I would like to thank L.S. Al'tman for taking an active
part in the performance of the experiments, processing their results,

as well as V.A. Khar'kov for his great contribution to the design of
the experimental equipment.
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